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The finite range of a proton beam or heavier charged particle 
beam can be a double-edged sword. While it is the biggest 
physical/dosimetric advantage of particle beam therapy, the 
range over- or undershoot typically requires extra margins 
that can compromise the conformality of the dose 
distributions substantially. Recent developments aim at 
imaging the range of the particle beam in the patient, to (1) 
verify the range, and (2) potentially correct for any range 
discrepancies. We will review the state of the art of imaging 
for range assessment, focusing in particular on prompt 
gamma imaging.  
Significant progress has recently been made in the field of 
prompt gamma imaging.  Range errors of 1 mm are 
detectable in phantoms. Spectroscopic methods potentially 
allow one to obtain information about the elemental 
composition of the tissue. Commercial systems are under 
development and have recently been tested in the clinic. In 
addition to systems consisting of a detector-collimator 
combination, Compton cameras are under development for 
the 3D reconstruction of the prompt gamma sources. Prompt 
gamma imaging competes with other range imaging 
techniques such as PET imaging of oxygen-15 and carbon-11, 
and MRI imaging of the biological changes resulting from 
irradiating tissues. Another recent development is thermo-
acoustic imaging, utilizing the ultrasound signal that a high 
intensity particle beam produces in tissue due to quick 
thermal expansion. 
Once the particle range in the patient can be measured (a) in 
the patient,  (b) in realtime, (c) with millimeter accuracy, 
the range margins can be reduced, resulting in significant 
improvements of treatment quality for many disease sites. 
Unfortunately, none of the techniques developed so far fulfill 
all criteria (a,b,c) above. Millimeter accuracy is sometimes 
achievable but not in patients or not in all patients. Realtime 
measurement and control is only feasible with prompt 
gamma and thermo-acoustic imaging. Of the techniques 
currently under development, it appears that prompt gamma 
imaging has the best chance of fulfilling all the criteria above 
and becoming a valuable tool for particle range control in the 
clinic in the near future.  
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Aim: Protontherapy provided many evidences on the quality 
and accuracy in planning a treatment. Pencil-beam scanning 
technology with protons enables clinicians to precisely 
manipulate and direct the beam so that its energy conforms 
exactly to the unique size and shape of the tumor. This 
technique shows remarkable advantages in conforming the 
dose to the target.  
However, the main issue for many years has been the non-
accessible technology behind it. The huge expenses 
compared with conventional radiation therapy remain costs 
issues. 
Lowering costs providing a new solution for proton therapy 
facilities with active scanning technique is opening a new 
perspective in this field, allowing a larger use of proton 
beams. 
One of constraints that can drastically lower the costs is the 
use of a fixed source and not a grantry.  
Methods: The scope of this study is providing a full 
investigation from the positioning to the dose delivery to the 
patient, using an alternative position in system that 
reproduce configurations gantry-couch like, and propose 
additional not-standard configurations that help a better 
planning. 
A robot arm handling a couch offers an automated movement 
of the patient around the nozzle, providing more freedom 
and compensating the lack of gantry. The positioning system 
is controlled and interfaced with a dedicated software 
translating and converting complex motions to equivalent 
once in more standard positioning. 
Results: Full Monte Carlo investigations for plan with 
different setting are realized to check configurations of 
Nozzle-Robotic system and their impact on the treatment 
planning. It is possible then to see when we get advantages in 
combining such solutions. This is reached once we have a 
system well integrated within the the full workflow and the 
planning system. 
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Purpose: In medical applications, about 20 MeV and 100 μA 
proton beams are used for the production of PET 
radioisotopes. In hadrontherapy, energies of hundreds MeV 
per nucleon and intensities below 1 nA are employed. To 
monitor beams in this wide range of intensities with a single 
detector, the Universal BEam Monitoring detector (UniBEaM) 
based on doped silica and optical fibres was designed, built 
and tested. 
Materials and methods: The UniBEaM detector is based on a 
single doped silica fibre moved through the beam. The 
